According to many prospective cohort studies and meta-analyses of those studies, physical inactivity and/or low levels of physical fitness are associated with an elevated risk for the development of metabolic syndrome, type 2 diabetes, hypertension, coronary artery disease (CAD), and stroke, and with an increased risk of cardiovascular disease (CVD) mortality and all-cause mortality. Most of these analyses, however, were conducted on non-Japanese populations in the West. This report summarizes prospective observational and clinical studies in Japan. The annual national nutrition survey has shown a gradual decline in the number of walking steps in both genders and in all age groups over the last 10 years. While exercise habits have been gradually increasing in the elderly, only one-fifth of young and middle-aged people undertake leisure-time physical activity. Prospective cohort studies have shown that increased physical fitness and greater physical activity in either daily life or leisure time are of benefit in preventing all-cause mortality and CVD mortality. The daily number of walking steps is positively associated with HDL cholesterol levels and negatively associated with triglyceride levels. According to a random-effects model meta-analysis of 4 randomized controlled trials comparing supervised aerobic exercise training with non-exercise control in subjects without CAD, exercise resulted in a significant increase in HDL-cholesterol (10.01 mg/dL, 95% CI 5.38 to 14.65, p 0.0001). While this confirms the importance of physical activity in preventing CVD mortality and all-cause mortality, the levels of physical activity are on a declining trend in Japan, particularly among the young. 
Introduction
Physical activity can be classified into two types: leisure-time physical activity and daily physical activity. Physical activity expends energy, and exercise is defined as a subset of physical activity. The rate of energy expenditure during exercise is usually expressed in metabolic equivalents (METs, energy expenditure during exercise/energy expenditure at rest), where 1 MET an energy expenditure of 3.5 kcal/kg/min, 14.6 kJ/kg/min, and an oxygen intake of 3.5 mL/kg/ min 1, 2) . Many prospective cohort studies and metaanalyses of those studies have shown that physical inactivity is associated with an elevated risk for the development of metabolic syndrome 3) , type 2 diabetes 4, 5) , hypertension [6] [7] [8] , coronary artery disease (CAD) [9] [10] [11] [12] , and stroke 8, 10, [12] [13] [14] , and with an increased risk of cardiovascular disease (CVD) mortality and allcause mortality 10, 11) . Physical fitness itself, that is, exercise capacity expressed as peak METs, is a powerful predictor of any-cause mortality in men and women, irrespective of the presence of CVDs and/or cardiovascular risk factors, such as diabetes and obesity [15] [16] [17] [18] [19] [20] . Thus, regular exercise undertaken to improve physical fitness may be of benefit in preventing atherosclerotic CVDs. Only a few randomized controlled trials (RCTs) have investigated the effects of exercise training on the primary prevention of CAD and CVD 21, 22) . On the other hand, many RCTs and metaanalyses have demonstrated a survival benefit in CAD patients engaged in exercised-based cardiac rehabilitation programs with usual medical care [23] [24] [25] . In a community-based cohort study of myocardial infarction survivors, participation in a cardiac rehabilitation program consisting of supervised exercise, counseling, and education was associated with a 56% improvement in survival and a 28% reduction of the recurrence of myocardial infarction (reductive risk 0.44; 95% confidence interval [CI] 0.36 to 0.54; p 0.001 and RR 0.72; 95% CI 0.52 to 0.99; p 0.049, respectively), and the 3-year survival curve of the participants in cardiac rehabilitation was similar to the 95% expected survival curve of the total population in the same geographic area 26) . These findings suggest that exercisebased lifestyle modification can produce a survival benefit in secondary prevention; however, this analysis was based mostly on studies conducted in the West and included very few data on Japanese subjects. Japan is unique among industrialized countries for its high stroke mortality and low CAD mortality rate 27) . Back in 1965, Japan reported the world's highest ageadjusted all-stroke mortality, but by 1990, a quarter of a century later, this rate had declined by about 80%. Age-adjusted CAD mortality in 1970 was recorded as the highest rate in Japan; however, that was one of the lowest rates among industrialized countries, and over the last two decades, CAD mortality and stroke mortality have both slowly declined. One of the factors behind the low CAD incidence and low mortality may be the consistently low levels of serum total cholesterol levels in today's elderly Japanese, a population whose total cholesterol levels years earlier, during middle age, had been markedly lower than the levels in their Western counterparts 27) . Distressingly, however, marked increases in serum total cholesterol levels are widely observed in the young Japanese of today. These levels, in fact, are comparable to the levels reported in their US counterparts.
The beneficial effects of exercise in preventing CVDs and CVD risk factors are linked to multi-factorial mechanisms. Table 1 shows the mechanisms behind the beneficial effects of physical activity and regular aerobic exercise in preventing CVDs. An increase in physical activity improves atherogenic lipoprotein profiles and insulin sensitivity, maintains adequate blood glucose levels via both insulin-independent and insulin-dependent mechanisms, reduces blood pressure, ameliorates the balance between sympathetic and parasympathetic nerve activity and psychological changes, and affects hemostatsis, fibrinolysis, and platelet reactivity 1, 2, [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] . All of these changes help to prevent the development of atherosclerotic CVD by ameliorating vascular endothelial dysfunction and reducing pro-atherogenic factors.
In this report, we summarize trends in physical activity of a Japanese population and characterize the association between physical activity and CVD outcomes by evaluating the results of prospective cohort studies. We also discuss how the blood lipid levels relate to physical activity and exercise training, two factors likely to protect against CVDs in Japanese subjects, by evaluating the results of annual nutrition surveys and RCTs. Finally, we present the accounts of practical cases.
Trends in Physical Activity in Japan
The annual national nutrition survey was conducted in December 1945 to search for sources of caloric intake during the period of food scarcity just after the Second World War. From about 1989, after years of food abundance and satiety, the survey started to examine physical activities, such as the number of walking steps and exercise habits. Fig. 1 shows the results of the annual national nutrition survey from 1989 to 2006 (excluding 1990), the prevalence of persons taking regular exercise (leisure-time physical activity) (duration ≥ 30 minutes, at least twice per week, continued for 1 year or more) in comparison with automobile ownership (Fig. 1A) and the average number of walking steps per day measured by pedometer (Fig. 1B) . Over the survey period, automobile ownership has been markedly increasing, and the older group showed a gradual increase of exercise habits from less than 30% in 1991 to about 40% in 2006 (Fig. 1A) . Among subjects in their fifties, peaple with an exercise habit rose to 30% by 2001 but then tended to decrease over the next several years. Meanwhile, only one-fifth of young and middle-aged people engaged in leisure-time physical activity. The average number of walking steps increased up to 2000 and then gradually decreased, in both men and women of all age groups, over the next several years (Fig. 1B) . Troublingly, we have observed a recent decrease in walking steps in all Japanese subjects of all ages, and a marked decrease of leisure-time physical activity, especially in the young. A B 
Major Prospective Cohort Studies in Japan
We reviewed 9 major prospective cohort studies of the role of physical activity or physical fitness at baseline in all-cause mortality and/or CVD outcomes in Japan ( Table 2 ) [42] [43] [44] [45] [46] [47] [48] [49] [50] [51] . Total daily physical activity was assessed based on the estimated energy expenditure 52) , estimated walking time, the MET score (estimated by multiplying the intensity of physical activity by the duration of the activity) 53) , and/or the calculated physical activity index 54) . Among these 9 prospective studies, the Japanese collaborative cohort study for evaluation for cancer risk (JACC) and the Japan public health center-based prospective study on cancer and cardiovascular diseases (JPHC) were the largest prospective studies (more than 710,000 person-years of follow-up each). The age-adjusted hazard ratio for CAD and CVD mortality gradually decreased while physical activity increased. Earlier studies in Japan suggested that heavy physical labor substantially raised stroke risk 42) , but recent large-scale cohort studies on the relationship between physical inactivity and stroke morbidity or stroke mortality are consistent with reports from the West and in Japanese-Americans 12, 13) . The incidences of fatal heart disease among Japanese men in the lowest physical activity group in the JACC and the JPHC studies were half of those reported in middle-aged Japanese-American men in the lowest physical activity group in the Honolulu Heart Program (1.07, 1.37 and 2.6 per 1000-person years, respectively) 55) , but a significant inverse relationship between physical activity and CVD and allcause mortality was recognized in all three studies. In addition, time spent walking was significantly associated with a reduced risk of all-cause mortality [43] [44] [45] 50) . Judging from these findings, we must emphasize that greater physical activity from either daily life or leisure-time helps to reduce all-cause mortality in Japanese as well as Westerners. Fig. 2 shows the mean non-fasting serum lipid levels of both sexes, classified according to the daily number of steps of walking graded at intervals of 2000 steps, based the results of the annual national nutrition survey from 1989 to 2006 (excluding 1990). As reported previously 56) , triglyceride levels gradually decreased and HDL cholesterol levels significantly increased as the number of steps increased in subjects of both sexes. Meanwhile, the total cholesterol levels were unrelated to the number of steps.
Physical Activity and Blood Lipid Levels
A search for Japanese and English-language articles on RCTs investigating the effects of aerobic exercise, exercise training, exercise-based lifestyle intervention, and/or cardiac rehabilitation on lipid levels and on CVD outcomes turned up only 10 RCTs on Japanese subjects [57] [58] [59] [60] [61] [62] [63] [64] [65] [66] . Three of these RCTs were excluded, however, as their lifestyle intervention programs [57] [58] [59] were based on multiple interventions rather than exercise. Among the other 7 RCTs, the high-risk and population strategy for occupational health promotion (HIPOP-OHP) study is a large intervention trial structured in three parts: a program to disseminate information on the benefits of exercise, a campaign to increase physical activity and a program to provide tools for walking 60) . The 4-year physical activity intervention program significantly increased the daily walking time and improved HDL-cholesterol levels between baseline and year 4 by 3.29 (95%CI 2.59-3.99 mg/dL) compared with controls (2.71 0.29 [SE] mg/dL in 1077 participants from the intervention group and 0.58 0.21 [SE] mg/dL in 1852 participants from the control group). However, the control and intervention groups had significant differences in the number of participants, age and lipid levels at baseline, principally because the randomization was based on the companies. In addition, 5% of the participants were treated with lipid-lowering drugs. For these reasons, the HIPOP-OHP study was not accepted as an RCT on exercise intervention in our analyses. The other 6 studies are shown in Table 3 . Four of the studies incorporated supervised aerobic exercise training alone and one study investigated exercise-based cardiac rehabilitation in CAD patients. In the trial by Sasaki and co-workers, supervised aerobic exercise training significantly increased HDL2-cholesterol levels in hypertensive men and women 61) . Similarly, Sunami and co-workers found that supervised low-intensity aerobic exercise training induced significant increases in HDL-cholesterol, HDL2-cholesterol, and the ratio of HDL2-cholesterol to HDL3-cholesterol in non-obese elderly men and women 62) . Total exercise duration per week was positively associated with the increases in HDL2-cholesterol and the HDL2-cholesterol/HDL3-cholesterol ratio, and also with the HDL-cholesterol concentration, the HDL2-cholesterol concentration, and ratio of HDL2-cholesterol concentration to HDL3-cholesterol concentration after the training period. In the trial by Motoyama and co-workers, supervised aerobic exercise training significantly increased HDL-cholesterol and significantly decreased the total cholesterol/HDL-cholesterol ratio in hypertensive but otherwise healthy men and women of advanced age 63) . In the trial of female nurse managers by Furukawa and co-workers, a 12-week off-site walking instruction program result in significantly higher increases in energy expenditure, exercise energy expenditure, walking steps, and brisk walking evaluated by the Lifecorder, and significantly greater changes in HDL-cholesterol compared with a control group 64) . There were non-significant but modest differences in lipid levels at baseline, however, as the subjects were randomized by the envelope method. In a trial of menopausal women by Sugiura and co-workers, 24-month exercise training significantly increased HDL-cholesterol and significantly decreased total cholesterol and the total cholesterol/HDL-cholesterol ratio 65) . The average number of daily steps increased significantly in the exercise group after moderate exercise commenced, but remained unchanged in the control group. A supervised exercise training regimen was difficult to sustain for 24 months in their trial, as more than half of the participants dropped out during that period. In the outpatient cardiac rehabilitation program by Seki and co-workers, total cholesterol, HDL-cholesterol, and apolipoprotein A-1 all decreased significantly in elderly patients with normocholesterolemic CAD 66) . This alone demonstrates the significant decrease in HDL-cholesterol levels brought about by therapeutic lifestyle changes, such as exercise, dietary instruction, risk factor education, and individual counseling. Four of the 6 RCTs analyzed were based on supervised mild to moderate-intensity aerobic exercise training alone in subjects without CAD, and the similar sample size varied between 20 and 40.
We performed a random-effects model meta-analysis of these 4 RCTs. Regression analysis to detect funnel plot asymmetry revealed no statistically significant heterogeneity or publication bias. The absolute difference in the mean levels of HDL-cholesterol, LDLcholesterol, and triglyceride levels was calculated from each study. Exercise training increased HDL-cholesterol significantly (Q 17.94, p 0.0001), and brought about modest decreases in triglyceride and in LDL-cholesterol (Fig. 3) . Longer intervention periods were associated with greater changes for the better. From here, we will introduce two non-randomized studies comparing the changes in lipid levels in subjects who received either lifestyle intervention with exercise, or conventional therapy without exercise. In a 2-year prospective study, Okada and co-workers measured the carotid artery intima-media thickness (IMT) by ultrasound in 140 men and 456 women with hypercholesterolemia to investigate changes in IMT after an intervention consisting of a 1-hour lecture on lifestyle modification followed by exercise instruction, e.g., 30-min aerobic walking 3 times a week 67) . The subjects were compared with 258 men and 536 women with normocholesterolemia as controls. The hypercholestrolemic subjects were divided into two groups, those who agreed to receive HMGCoA reductase inhibitor (statin) and those who refused. Serum levels of total cholesterol, LDL-cholesterol, HDL-cholesterol, and triglyceride significantly decreased and the carotid arterial IMT was significantly decreased after the 2-year lifestyle intervention alone, and similar but more pronounced changes were observed after the lifestyle modification with statins. Arao and co-workers conducted a non-randomized study on the effects of a 6-month educational program focused on physical activity and diet in 177 middleaged men with at least one untreated cardiovascular 68) . The subjects enrolled in the educational program showed significantly greater increases in maximal oxygen intake and leisure time energy expenditure, and significantly greater decreases in BMI, systolic blood pressure and LDL-cholesterol, compared with the control group. These two studies show that education on lifestyle modification can effectively increase physical activity and decrease LDL-cholesterol.
Total lifestyle changes and favorable changes in serum lipids and lipoproteins by exercise training have been recognized in many previous cross-sectional and longitudinal studies with other ethnic populations, and also in several meta-analyses of the RCTs 31-35, 40, 69, 70) ; however, many of the RCTs outside of Japan applied moderately higher exercise intensities compared to the RCTs in Japan. The most commonly observed change induced by exercise is an increase in HDL-cholesterol, and changes in LDL-cholesterol and triglyceride are somewhat less frequent [31] [32] [33] [34] [35] 40) . In a meta-analysis of 25 RCTs (including 1 RCT from Japan 62) ) on aerobic exercise training programs of at least 8 weeks without diet or drug therapy in subjects without CAD or hemodialysis, aerobic exercise (absolute intensity, 5.3 METs: relative intensity, 64.8% of maximal aerobic capacity: estimated weekly energy expenditure, 1019 kcal/week: duration, 40.5 minutes per session: frequency, 3.7 sessions per week) increased HDL-cholesterol levels significantly, by 2.53 mg/dL (95% CI 1.36 to 3.70 mg/dL) 69) . The net increase of HDL-cholesterol was significantly associated with the exercise duration but showed no relation to the exercise intensity or frequency. The net increase of HDL-cholesterol was significant when the weekly estimated energy expenditure was greater than 900 kcal and total exercise duration per week was greater than 120 minutes. According to a meta-analysis of 19 RCTs of aerobic exercise training programs of at least 8 weeks, including 2 RCTs from Japan 61, 62) , aerobic exercise increased HDL2-cholesterol levels significantly by 2.6 mg/dL (95% CI 1.0 to 4.4 mg/dL) 70) . Our searches turned up no RCTs on exercise training and CVD outcomes in Japan. We did, however, find a long-term exercise-intervention study with a non-randomized design on 245 elderly Japanese subjects, aged 70 years or older. Oida and co-workers compared 5-year mortality in 155 voluntary participants in a 5-year exercise-centered health-promoting program (conducted at 2-month intervals) and 90 subjects who were unable to attend this program 71) . Fig. 3 . Absolute difference and 95% confidence intervals (CI) in mean lipid levels between supervised exercise training and a non-exercise control group in 4 randomized controlled trials.
The exercise program consisted of a home-based exercise and group-based, community-based support session designed to instill an exercise habit. Although the rate of participant compliance fell by half over the 5-year period, the exercise program increased the amount of daily physical exercise and significantly reduced the mortality risk in elderly women (84% reduction) 71) .
Practical Exercise Training
Exercise prescriptions have been described in detail in international and national guidelines 1, 2, 72, 73) . An appropriate level of exercise stress must be determined, and patients with CAD must undergo a cardiopulmonary exercise test to determine the anaerobic threshold. When an exercise stress test is difficult to complete or examine, the target intensity level of exercise training is usually based on a training heart rate calculated with the Karvonen formula and/or an intensity of Borg's scale of perceived exertion [72] [73] [74] . The latter is better than that by heart rate estimation when working with patients on blockers 75) . Accumulating exercise time is an alternative practical method to get beneficial effects for cardiovascular risk as well as one continuous exercise session 8, 76) . Walking and jogging are appropriate forms of exercise, but rain or harsh conditions such as extreme heat or icy conditions in winter can make it difficult to go outside; therefore, we recommend the benchstep exercise. This activity can be performed while watching television or listening to music, and the intensity can be easily maintained at a constant level or pace 77, 78) . Home-based bench-stepping training offers optimal benefits for the elderly both as an aerobic exercise and as an effective strengthener of lower extremity muscles, such as the quadriceps and psoas major muscle, the major sites of sarcopenia in older people.
Conclusions and Message for the Future
Prospective cohort studies in Japan have duplicated results from the West: daily physical activity and leisure-time physical activity have been confirmed to reduce the risk of CAD, stroke, CVD, and all-cause mortality. Importantly, a longer time spent walking is strongly associated with a reduced risk of all-cause death. One of the mechanisms of the exercise benefit is an improved lipid profile, e.g., increased HDL-cholesterol. While the number of walking steps has declined in both genders and all age groups over the last decade, leisure-time physical activity has been gradually increasing in the elderly. Among the many rapidly aging populations worldwide, the Japanese have the highest life expectancy. This may be attributable not only to advances in medical technologies and treatments, but also to Japan's relatively large population of moderately active elderly people who take more regular exercise and have continuously lower levels of serum total cholesterol than young to middleaged populations.
Meanwhile, young to middle-aged populations have engaged in progressively less daily physical activity and leisure-time physical activity and have had progressively higher serum total cholesterol over the last 20 years 27, 79, 80) . Worse, the prevalence of obesity and diabetes has been increasing over the same two decades 27, 81) . The declines in physical activity and the increasing prevalence of CVD risk factors may compound increased adverse influence of CAD, stroke and CVDs in the future. Increased physical activity is an essential treatment strategy for the prevention of atherosclerotic CVDs. This report recommends walking and jogging, the two most commonly practiced exercise, for the whole Japanese population, and convenient bench-step exercise for the elderly.
